Bacillus cereus pneumonia is unusual in nonimmunocompromised hosts. We describe fatal cases in 2 metalworkers and the associated investigation. Anthrax toxin genes were identified in B. cereus isolates from both patients using polymerase chain reaction. Finding anthrax toxin genes in nonBacillus anthracis isolates has, to our knowledge, only been reported once previously.
21 October 2003, when he presented to the emergency department at 8:00 a.m. with additional symptoms of fever, chills, worsening cough, and vomiting. He was alert and breathing comfortably, but had a fever (temperature, 38.7ЊC [101.6ЊF]), a pulse rate of 125 beats per min, a respiratory rate of 20 breaths per min, a blood pressure level of 100/46 mmHg, and bilateral wheezes. Despite the administration of supplemental oxygen by nasal cannula; intravenous corticosteroids, promethazine, and ceftriaxone; and nebulized albuterol, the patient experienced persistent hypoxia with pulse oximetry of 80%, severe cough with posttussive emesis, and hypotension. By 11:30 a.m., his condition had progressed to severe respiratory distress that required mechanical ventilation. Endotracheal tube suctioning yielded copious amounts of orange frothy secretions. Remarkable laboratory test results included a WBC count of 15,100 cells/mm 3 with left shift, and a hematocrit of 44.8%; Gram staining of sputum samples showed 0-1 WBC and moderate gram-negative rods. A chest radiograph indicated a left-lower lobe infiltrate. Intravenous azithromycin and vancomycin therapy was initiated, and the patient was transferred to a tertiary care facility. At 1:42 p.m., his temperature was 36.0ЊC (96.9ЊF), his blood pressure was 80/57 mmHg, his pulse rate was 139 beats per min, his respiratory rate was 24 breaths per min, and his oxygen saturation was 54% despite receiving 100% oxygen by mechanical ventilation. Bilateral crackles were heard on auscultation, and copious secretions were collected from his endotracheal tube. Laboratory findings were WBC count, 25,300 cells/mm 3 ; hematocrit, 61.9%; creatinine level, 2.4 mg/dL; and normal anion gap acidosis. A chest radiograph indicated extensive bilateral infiltrates. Despite intravenous cefepime hydrochloride and fluconazole therapy, he died at 3:36 p.m., !8 h after initial presentation to the emergency department. The patient's past medical history included mild asthma, seasonal allergies, hypertension, and hyperlipidemia. He was not known to be immunodeficient, had no ill close contacts, and had no risk factors for tuberculosis or HIV infection. A welder for 19 years in central Texas, he worked 97 km (60 mi) from home, in a different county, and hunted at his ranch, located 48 km (30 mi) from home in the opposite direction from his workplace.
Performance of an autopsy yielded 1000 mL of fluid from the patient's bilateral pleural cavities and revealed necrotizing bronchopneumonia and alveoli that were teeming with gramvariable rods (later identified as B. cereus using standard microbiologic methods). B. cereus was also isolated from blood and sputum samples collected in the hospital and from pleural with a left shift; hematocrit, 57.4%; creatinine level, 1.7 mg/dL; alanine aminotransferase level, 210 IU/mL; aspartate aminotransferase level, 369 IU/mL; total bilirubin level, 3 mg/dL; and normal anion gap acidosis. A chest radiograph indicated extensive bilateral infiltrates. By 3:45 p.m. he was intubated, intravenous ceftriaxone and levofloxacin therapy was initiated, and he was transferred to a tertiary care facility. On arrival at this facility at 6:26 p.m., his temperature was 35.3ЊC (95.6ЊF), his pulse rate was 125 beats per min, his blood pressure level was 88/46 mmHg, and his oxygen saturation was 86% while receiving 100% oxygen by mechanical ventilation. He had diffuse pulmonary crackles and rhonchi, and copious yellow respiratory secretions were collected from his endotracheal tube. A chest radiograph indicated pulmonary edema. At 8:55 p.m., he became asystolic. Despite aggressive resuscitative measures, he was pronounced dead at 9: 35 p.m., !8 h after initial presentation to the emergency department. He had no known medical illness or surgeries, ill close contacts, or risk factors for HIV or tuberculosis. He drank alcohol occasionally, had a smoking history of 40 packs per year, and used smokeless tobacco. He worked for 9 years in a North Texas foundry, grinding metal for polishing and operating the machine that makes sand molds for metal castings. He traveled to Cuba during March-December 2002 to perform Army National Guard duties, and had no health problems associated with his military service. Military records indicated no anthrax vaccination. He lived and worked 966 km (600 mi) from patient 1.
An autopsy was not performed for patient 2. A Bacillus species was isolated from blood sample cultures and later identified as B. cereus. As with patient 1, all 3 anthrax toxin genes were detected.
Fulminant B. cereus pneumonia in 3 otherwise healthy metalworkers has been reported in the literature [1, 2] : a single nonfatal case in 1994 and 2 fatal cases in 1997. Clinical features reported here resemble the 1994 and 1997 cases, as well as the cases of terrorism-related inhalation anthrax in 2001 (table 1) [5] . Furthermore, both patients' clinical presentations satisfied proposed screening criteria for inhalation anthrax [6] . However, because neither patient had a history of exposure to or occupational or environmental risk for inhalation anthrax, they did not satisfy the Centers for Disease Control and Prevention's criteria for identification of inhalation anthrax [7] . Immunocompromised patients with B. cereus pneumonia frequently have septicemia and fatal illness. However, findings of pulmonary edema, substantial pleural effusions, and septicemia among persons who were at lower risk for illness, coupled with the isolated organisms' unusual genetic features, indicate that these strains of B. cereus might be more virulent and that B. anthracis toxin genes may have contributed to their virulence.
Only their occupations as metalworkers linked the men epidemiologically, bringing to question whether that occupation increases an individual's susceptibility to this type of infection. Metalworkers' daily tasks often expose them to substantial quantities of dust where B. cereus is ubiquitous. Inhalation of fine, respirable particles, including metal fumes, may subtly affect pulmonary immunologic defenses [8] . Acute respiratory tract infections in welders are more severe, more frequent, and of longer duration, and are associated with excess mortality [8] .
Visual inspection of the 2 patients' worksites and these sites' worker safety practices was performed. Settled dust and dirt samples from both metalworkers' workplaces, homes, and property were cultured; an environmental sample of dirt obtained from a cart in patient 1's workplace yielded B. cereus. A single environmental B. cereus isolate was found to contain portions of the pXO1 plasmid but not the anthrax toxin genes. Amplified fragment-length polymorphism analysis and multilocus sequence typing of the 2 clinical and 1 environmental B. cereus isolates revealed that the 3 isolates were different; the analysis of these isolates is characterized in detail elsewhere [9] .
To screen for more isolates of B. cereus that had B. anthracis virulence plasmids, PCR was performed on 32 isolates of B. cereus obtained from humans that were submitted to the Texas Department of Health laboratory during January 2002-May 2004. None were positive for B. anthracis virulence plasmids. Additionally, 10 statewide animal B. cereus isolates from the Texas Veterinary Medical Diagnostic Laboratory were tested for the presence of the B. anthracis virulence plasmids (pXO1 and pXO2) using the LightCycler 2.0 System Bacillus anthracis detection kit (Roche Diagnostics); all were negative [10] .
The geographic isolation of these 2 patients and the geographic, as well as temporal, isolation between these cases in Texas and the 1994 case in Louisiana raises the issue of the origins of these genetically atypical B. cereus isolates in disparate locations. On the basis of our limited analysis of additional isolates, B. cereus isolates similar to B. anthracis are uncommon.
Further analysis is critical to understanding these pathogenic B. cereus isolates and the seeming predilection for infections among metalworkers. Smoking and mild asthma might have been additional predisposing factors in the patients in Texas.
Nonanthracis Bacillus species might be dismissed as contaminants in clinical cultures, and the gram-variable staining of B. cereus might lead to early misidentification, as evidenced by the initial identification of gram-negative rods in patient 1. Health care providers and laboratory personnel should consider Bacillus species as pathogens in critically ill patients with respiratory illness. If such illnesses are not on a state's list of notifiable conditions, they should still be reported to the state health department, because they qualify as unusual, severe diseases that can pose a public health threat. Timely reporting facilitates the determination of these isolates' prevalence and their public health significance. Knowledge gained facilitates the development of rapid diagnostic tests to differentiate these virulent isolates from the majority of B. cereus isolates and the determination of whether these isolates express and elaborate B. anthracis toxins in infections.
